Figure 1

NextEngine 3-D scanner in the Media Commons Lab.
A basic, non-scientific definition of 3-D scanning is that it is the 3-D printing process in reverse, or a complementary process to 3-D printing technology. Three-dimensional printing takes virtual data and makes it into reality, be it a toy, a gear, a medical prosthesis, or even a piece of meat, whereas 3-D scanning takes a physical object and creates a digital object (and also the raw data) from it. If created by faculty and students during scholarly research, digital objects and their data can be of significant interest to academic libraries. Successful research and scientific breakthroughs can elevate the digital objects that produced these successes into a university's digital assets overnight, and academic libraries should be interested in not only providing the technical services needed to collect, organize, preserve, and make accessible these objects, but also in providing the public services needed to conceptualize them and even bridge the digital divide among their patrons. Preliminary research suggests that digital objects can even become digital possessions of sorts (Cushing, 2013) , and it is possible that future generations of faculty and students alike will expect a ubiquity of means in their creation as well as in their accessibility and preservation.
Within the Pennsylvania State University Libraries, there has been great emphasis placed on ScholarSphere, which is an online repository for many of the digital data or project notes created by faculty and their students throughout the research process.
1 As such, it seems to be an ideal time to begin investigating 3-D scanning as a public service within the Pennsylvania State University Libraries.
From a public services standpoint, libraries have been experimenting with 3-D printing technology (and sometimes 3-D scanning) for a few years already, and the popularization of 3-D printing as a public service through makerspaces or hackerspaces is a service that some public and academic libraries now offer (Kalish, 2011) . Three-D printing is an interesting technology, but as a library public service it has the potential to become time-consuming and cumbersome to build, maintain, schedule, and troubleshoot the equipment without the proper funding and staff expertise. Bundling of 3-D technology services also can create confusion between scanning and printing processes-it all becomes 3-D printing to the patron and even to some librarians. However 3-D scanning can be offered without 3-D printing as a new public service; it can be a scalable, cost-effective way to invest in 3-D technology and digital creation without the difficulties of 3-D printing.
In the past, 3-D scanning within academic libraries required considerable funding and collaboration with specialized research departments and federal funding, such as the Sheridan Libraries' Digital Hammurabi project at Johns Hopkins University (www.jhu.edu/digitalhammurabi), which cost a little over 1.5 million dollars (Higgins, 2002) . Many museums and archives have also adapted this technology to make their collections more accessible, though their efforts have been largely a technical service (Wachowiak & Basiliki, 2009) . Recently, the Smithsonian Institution unveiled 3-D scans of some of its collections under the moniker Smithsonian X 3-D (3d.si.edu) (Taylor Sulick & Haberacker, 2013) . Patrons now have the ability to browse museum pieces or specimens online or download the digital objects for study in addition to the raw data for 3-D printing. Even in this innovative approach, the initial scanning process remains an internal service to the Smithsonian and not a public service that allows patrons to create personal or localized digital objects or possessions.
Academic libraries have spent significant time and money in creating their own 3-D collections over the past decade to meet the accessibility demands of online patrons, yet it seems puzzling that they have not considered 3-D scanning as a public service to support new models of scholarly research and digital object production. The creation of digital repository services, the drop in the cost of 3-D scanning combined with the development of intelligent scanner software, and the interest in digital projects in the arts, humanities, and sciences all seem to indicate strategic 
The Equipment
An investigation of the technology of 3-D scanning was conducted in April of 2013. Two of the most important factors that guided the investigation were providing a scanner that required as little training as possible and choosing a scanner that met the quality needs of even the most discerning of faculty. The NextEngine 3-D scanner manufactured by Shape Tools, LLC, was affordable, easy-to-use, of professional quality, and small enough not to dominate or permanently alter a public space within the Pennsylvania State University Libraries' Schuylkill campus location (also known as the Ciletti Memorial Library). Other scanners were considered, including the MakerBot Digitizer, but the quality level of individual scans and the potential to scan large objects was the deciding factor for future development. After discussion with the campus instructional designer, teaching faculty, and fellow library colleagues, enough of an interest was expressed to pursue an innovative microgrant internal to the Pennsylvania State University Libraries that would allow collaboration on a new library service that students could use within their coursework and projects. 4 While a 64-bit Windows operating system is preferred (XP, Vista, or 7), a 32-bit Windows environment will also work, though scanning and editing concurrently is not as efficient-there is some lag-time when attempting to do both. If possible, it is recommended to run in a 64-bit Windows environment with a 2.5 GHz Dual-Core processor (or higher), 4 GB of RAM, and a dedicated graphics card of 512 MB capacity.
The Scanning Process
The NextEngine scanner emits a twin array of four Class 1M, 10 mW solid state lasers with custom optics 650 nm wavelength that scan in parallel across the surface of an object using a MultiStripe Laser Triangulation technology. This allows the scanner to cross-validate the geometric data it collects and results in a smooth, nearly flawless surface scan. Options within the ScanStudio HD software allow for close-up or macro scans, standard scans, and an upgrade that allows for large, composite scans. Scanned objects can be either placed on the AutoDrive, which is a platform that communicates directly with the scanner via wired hookup (as seen in Figure 1 ) and rotates the object in pre-defined intervals, or scanned freestanding, which requires the user to move the object or the scanner for additional scans. The time it takes to scan an object is largely dependent on the specified resolution and the number of scans. A high-resolution scan with 10 or more intervals can take up to 45 minutes, whereas a low-resolution, Not all objects have to be scanned in a 360-degree perspective, and the scanning software allows considerable latitude in how a user scans an object. Successive scans of an object can be merged into a more complete scan if desired. For instance, one of the first scans conducted was a flat piece of shale that included the fossilized remains of an extinct fern (Figure 3) . 5 The scan did not need to be entirely three-dimensional, as the fossilized remains were found only on one side of the shale piece. Thus a high-definition, one-shot scan was taken multiple times and all the images were merged together and edited, a process that took 10 to 20 minutes to complete. After saving it as an OBJ file to preserve its colors, the file was opened in Adobe's Photoshop From an online or distance learning perspective, the ability to scan unique, real-world objects to enhance learning beyond the textbook and share online is significant. Faculty teaching any class, be it in-person, blended, or strictly online, would have the ability to share unique or fragile items without the danger of damage to the object.
Objects from special collections libraries or from a faculty member or campus collection can be opened up in ways that encourage a more idiosyncratic approach to learning in higher education. Similarly students with access to this technology can now create their own scans of objects to share in conference poster sessions or class presentations without having to resort to generic stock photos or images.
3-D Scanning as a Public Service
As of mid-January 2014, the scanner is now available for checkout and use within the University Libraries'
Media Commons room at the Pennsylvania State University, Schuylkill campus. While the scanner is designed for mobility (it has a threaded hole in the bottom to be mounted to a commercial-grade tripod), it was decided to keep the scanner within the library initially on a renewable four-hour checkout. The scanner and peripherals are housed in a secure case rather than the shipment box for further protection and security. The scanner software was installed on a laptop and is available for checkout on the same terms as well. The instruction manual is available within the software as a PDF and is also available in a printed copy with some setup best practices to be included. It is hoped that the scanner will find a more permanent place within the library with a dedicated workstation that will obviate the setup/teardown procedure, but until that time, the laptop checkout is the only option available as determined by faculty, who received a grant to pursue the development of a mobile application that will utilize the scanner. This app will largely be developed by students for students studying human anatomy and physiology, with scans of various bones being utilized in a mobile app that will both inform and quiz students in a game environment (Figure 4 ). An informal workshop was given in December of 2013 to familiarize IST students and faculty working on the project with setup and use of the scanner with more workshops planned as needed. Penn State students unaffiliated with the Schuylkill campus have expressed interest Scan of a human vertebra rendered in a JPEG format as a prototype for the campus grant proposal.
in using the 3-D scanner for course-related projects, though travel time and distance was the limiting factor in their utilization of the scanner. It is hoped that the combined faculty and student interest in formal project work will create word-of-mouth interest within the campus community.
Tentative Outcomes
Preliminary discussion with students using the scanner indicates that the scanner itself is easy-to-use.
However, the AutoDrive (the rotating platform that holds scanned objects) operates erratically at times, especially when the additional peripherals are attached. It is unclear whether this is due to poor design of the AutoDrive or faulty manufacturing, but the piece was returned under warranty and awaits replacement. Because of this small setback, the students are working on the programming of the game rather than the scanning of the bones at present.
As this is a multi-semester project, the students have indicated that they plan to scan the majority of the bones over the summer sessions. A survey will be sent to the students working with the scanner to gauge their interest in the technology and their thoughts about its usability and the effectiveness of the scanner as it supports their learning. If the suggestions are positive, there is the possibility to apply for further funding to purchase additional hardware or the more robust version of the ScanStudio HD software, which allows for composite scans. There is also the possibility of creating a practical workflow for other Pennsylvania State University Commonwealth Campus
Libraries to easily adopt this new technology and service at their locations.
Conclusion
Three-dimensional scanning is a realistic option for academic libraries to pursue as a new public service. It is a way for libraries to explore digital object creation without investing too heavily in equipment, physical space, and outside technical expertise while complementing the digital repository services being offered to patrons. Academic libraries are uniquely positioned to offer a means to create digital objects, facilitate collaboration, and foster creativity and innovation in developing digital objects and information for scholarly and scientific research among all library patrons. 
